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Abstract not available for JP1 0004209 

Abstract of corresponding document: US5779924 

This method relates to the fabrication of semiconductor light- 
emitting devices having at least one ordered textured 
interface. Controlled interface texturing with an ordered 
pattern is provided on any or all interfaces of such a device to 
enhance light extraction from these interfaces and thus 
improve the performance of the device. Ordered interfece 
texturing offers an improvement in light extraction by 
increasing the transmission of total optical power from the 
device into the ambient. This improvement is possible 
because ordered interface texturing can provide: 1) a 
reduction in Fresnel losses at the interface between the 
device and the ambient and, 2) a change or increase in the 
angular bandwidth of light which may transmit power into the 
ambient This latter effect may be thought of a change or 
increase in the escape cone at an interface. Both effects can 
result in an overall increase in total light extraction efficiency 
for the LED. 




^^ ^^ 



Data supplied from the esp@cenet database - Woridwide 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP10004209&F=8 



2004/11/26 



m)Q:^s<mrr (jp) (12) iSt ^ # ^ # (a) uimmmmikm^^ 

(43)^B8B ¥ricl0¥a998) 1^6a 



(SDIntCL' 




F T 




H 0 1 L 33/00 




HOIL 33/00 B 








*Slt* 1 0 L 11 M) 




»K¥9 -64003 


(71)ttJfflA 


590000400 












¥^9^(1997) 3 












h A— •;:;rU — h 3000 




6 2 0. 5 1 8 


(72)5!W« 




(32)«^B 


1996^3^223 








*@ (US) 




>-fc?a.— :ij;k?n> T'^xzirL- 








151 265 



(54) {xm(D^mi S57i£*^ 



(57) 




(b) ^-^tsct^-wmtr^^, 

( a ) mMl^^a. ( a - 1) i^jri^ L ( a - 

4 ) ^^t^. ( a - 1 ) ( a - 2 ) p - n 

mcrj:-^xi^^. m<Di'of}mmicmmLr:i^^. (a 

-3) jgiitt^'O K^Jl. ^jtiltt^-r > K^UfSM 
iSp -ng^^Ii^iCl^tr§eg?^. (a- 10 

(b) i^s-e^^r. M^i^Siifutas-f-F^^cgeg^ 

[0 0 0 1] 

{cM^'Si>c7?rS>^. i*3t)it, ^^fl^^i. C^LtcM 
[0 0 0 2 ] 

[Sf*<De^jB] (LED) ^^^(Ditmm 

1.5) i?©iafflSJ^cc?t-r^*^Witi4(Z)7Ba5f^5??5 

;^^CMn^2. 2-3. 8 ) /ci6CC$IM5 n^O^^^ 

[0 00 3] mmm^h^^mm-r^mrnkt. m:^mm 
M ( I I ) (icxmr^mm^mmt. ^mcmc2-> 

Aj:6^CU. CCD^^»/c?7:cl^?fi^U. T I R (Total 
Internal Reflection, -^^Wx^. t^TT I RiBS 40 

■T) '^^c. mm \ \ ic\t\ssk\^ts:^K u^<D^m{^L 

[0 0 0 4] V Mt:^'; -^i^Ga P (n, = 3. 3) i 
R«. Eg|?ft0c = arcsin(n./n,)=27. 50 



1#Pf1^ 1 0 -4 2 0 9 

2 

n-STtio^ji. «fflaTfigA^>^aw?t<D ( 1 - c o s e J 
*«jffl^tg^d:jRto7^cD.^^4. i%i)^mm^m. 

CD^^CDit^. C9 L/cl^B3;)f5 6o#^EO, ^ScffiT^CO 

LE D7^^^6J!ftm•r^^u, 6x4. 7%= 28. 2%^ 

[0 0 0 5 ] ±iSO^mJCj:o-C. i.EU(Dm\mm^ 
«b<»$n^o ma^^cT^^^s, p-nS'&ccfci^ 

§nrt,^fj:C^ia-&, cn^bOTtMi^:. TIR^^G^C 
[0 0 0 6] LED7()^6<D76<Dlfflffl*5fca-r^fcis?)<Dl> 

JcMtKT^, Dierschke, et al . In Applied Physics L 
etters 19,98(1971) JCJi. fflfcB^ 
^(DA'fSJ'^f^iJCi^JC^SStl-Cli^, Carr in Infrar 
ed Physics 6,1 (1966) fCtatSOcfc ^5 (C, Rif|-&. ;ftiS 

[0 0 0 7 ] ^> 0 1 ocDT-^'n-^^S, 5R^O±a5^® 

^cti^ViXr^hr. c(Dmm<Dm^. Mbitio^mm 
[0 0 08] h'? I'oo^ntS.mcjz^ry'ti-^^t. 

[31 {C7n?tl, Schnitzer, et al .In Applied Physics 
Letters 63,2174C1993)((:cfc oTtfe^ ^ ntl^^ J: ^ 

X. m'=f'\^o:>^m<D^m^^'^^y>'^'^it$ti^. ceo 



-O^-^^^ In Applied Physics Letters 62,131(1993) Sc 
hnitzer, et a^ .iC^iiCmJ^^ tlXl^^ h Jz iC. jfe^fi^ 

M^±9[mm^^m 072%) ^mM'r^ctf)^m 
(Dm^. m^\H(Dm^^^fd^mmii(omm m^^^. 10 

[0 0 0 9] 4> ^ 1 ocD^tf B?fi5cc J: ^ysmt. it^^ 

&St^^^J:'^iC-^^Ct'Ca>^. Kock, et al in A 
pplied Physics Letters 57,2327(1990)C7)?fe7i^C-Cctn 

[0010] ctih<Dm^ict. 4^«{*7j?^eco7fe^^^ji 

Jcffl ffl $ ti Tfe^^cig^ 5 n ^ c i ;c Sox ^ T c ^ ^ 0 ii 

m(Dm:^^^'3.i.^ (o. lum) 30 

mm^m< j^cc^ ( 1 . 4- 1 . 5%) , 

[0 0 1 1 ] 

[0012] 40 



1 0 -4 2 0 9 

4 

^7:?5.if.g i T ^ SSf^ a -tr X .JJ ^ m^X^ h . 555^S 

6 n , Tte ti^Tf^?:^^ 6 Seta -r ^ -m^cm^mm.^ 5c i ^ r 

[0014] 

^^mDnmc'Oi.^x^t. GaP (ns^a. 3) 

^X:J<^=i/ (n d - 1 . 5) iC0|1^!iOig^^-^>3rA 
3f /cJi k^rel^^n^Tia 3 ^#M-r ^ C i ic J: ^ 

[0015] :$:fg0^CDm'&, ^MIUe^jT-^X^-v-Jf^fiKCDia 
/c. K r 1 . r 2, r 3rJS*tL. GaP 

[0016] r£t±il75>60^!^. ;$:®&5CC3;j);:7ccD/c 
7^=^X^i^tfcS(D2^^7t:CDf4KCcJ:o"r, f)^rj:r}(D 



[0018] :$:^^cc4st^r. wwumrj: ^mmmom 

[0 0 19] ii4 5c53:. mwmf'^:^^^'mm^tifc 30 
-^-^eta-r^. ccD>'^••7-^^{^, 

[0 0 2 0] ^mic:hi^^mwmrj:'7-^7.^ ^jfm^cj: 

(ST'^'So Gaylord et.al., in Applied Optics 25,456 
[0 0 2 1 ] ^^S^feCDf-^^X^-^ • #®(^ 50 



1 0 -4 2 0 9 

5 

[0 0 2 2] L E Dm^omf^^m^^tcmm^cJ: o 
tan"' (r2 ' a/h ) 

Ji. a=10nii I. h = 2mi K iT-Si^^..^ 
8 2* tfj:^) . L;i>^L. MSPaMcDEg^ftf^tDTfe^^ . 
mimmt-^h^H^-t^CD^. 0,„ = 9O* -0, = 6 3 
• (n. = 3. 3. ne=l. 5cDi#^) . S^oT. mW\ 
ggx^X^i'ff^^SEJ. -6 3* <0.<63* cDft^iS 

tpitc ^Dfc -> r^^cD J: 0 ^M-f)^^ 0 6 cfc ^ cc^tT c 
[0 02 3 ] ^^fc. 7K:<Dft^?^co3::>:7cttM*:^«-r 

^mcmL-c. I 0 I <2 0' (Dm^(.cmm^ti^yt<D 

fll^'/S. ( 1 - c o s 2 0 ) /2 - 3%-r'^)-5, Ctl 

2 0* < I a I <4 0' (Dm-^t^cmm^ti^^o^m 

^t^.f^'h. (cos20-cos40)/2 = 8. 
7%<i:0®L^ 4 0* < I 0 I <6 0* Ofci^. SH^ 
ta. (cos40-cos60)/2=13. 3 %ccrj: 

[0 02 4] ffit4iicb^^Df]cD«3g5s. nmf^xmr^ 

[0 0 2 5 ] ^M^^tgML E D*»3g ( Schubert et a 
1., Science 265,943 [1994]^#&S) rSttJlR 



ti^mm^mmi^\&&(Dm(Dm^icum:^ti. d b 

0. 8x0. 6 =4 8%^crj:^^ 
[0 02 6] ^^t±m(^OJ^^^tj:mwmy'=^ X ^ i- ffJfiScD 

J^. y^MB ( HCP. Hexacpnal Closed Packed ) T 
WHMS (Full-'»Artdth-at-Half-Maximum, M^KiUCOlX 

[0 0 2 7 ]—<?(<!: or. A'-4 0 0 - 7 0 0 nmcDti 

0. 1-0. 5 nmCOmm^t'O , W&(Dm^(ctO. 2 
-15.0 Mm53t^Cci^^>5^figtt^i^^o /^K!^^c{3:r^ 



C5) t#lfWlO-4 2 0 9 

8 

r^<. 2^X7cJCL4-itn^^^c6/tci^ 
[0 0 2 8 ] Sg*<D4^^{*^^^;^?^ m 6 wl^^nr 

10 (4 ) ( 3 ) ±CCWL. p - nS^tStt?ii|S 

(2) 'dr^t^*^«:xt*^=^i>-f;kB (l) ;^):>6«^e 

mm (3) ^^r*Sii;vg5i/j:< . *^^*-e^»^ie:^ 

20 [0029]^7a-c iCiJ, ?t*S^O±ai^®CC 

^nrt^^^o ^m^/ci^TfeicBis-r^Piii (5) ts^^-? 

<D±mcm^^tlXi.^^ (07 a) o CCD^MtS. 

(6) (^7 b) „ ^^;05?^tPi. ^OOv;?^^ 

(7) 7&5m^<vtMCce^$n. -7;:^:^^>i/a (6) 
*3nS (1^7 c)o x>:;^>>f^/c«^ 

(5) aB>'^*^'->{tX:v^>i/effi tIc 

^{t^x-^^>^. ©a5u-if<^u. mmmm<D 
[0 0 3 0] f^#^i LT, ,^7tSfM(3:)frrcc. mmi^-^ 



c 0 0 3 1 ] (US mm^j:m^^(D±mmmRc' 

(^gPM^^^yt^m^ (>8 0%) rgttil^^Oti^. C 
9CD^. affi^S.-i?, (9) Oi^CCcfcoT. 

[0 0 3 3 ] [11 OCC^S. v^nS^^ac^'Wffif-^X^ 
Rilfl5<:^<D -i? ^ > K ^ cfc r P 6 n SfflfcH^JlS^rSffi 



(6) 1 0-4 2 0 9 

10 

[ 0 0 3 4 ] n 1 1 ici^, mwm^mi'^^^^^'mfS.t 

fcmu ( 1 0) JC'b-r=^;^^i-?^.Erg^jg^ci;5^^^L 

20 mwLK) ^tiTcmm i 1 0) o^N'^-xbi. u--tf 

g^iSJCct oi:*]^acD:;&5^i>W^r^'So ^^^^^ 
[ 0 0 3 5 ] S 1 2 iCJi. S14MilSCDa< CCj^BW^^ 

30 ( 1 2) w-t^^nri^^^o co'^-rv K^j^n^t^ 
m^(Dmt,cm^nfcmm\t.. mn. ^muz) ^^^^ 

:^rccie^L-c. *Dr^^^±:^$/c5ii?#n(^L E Deo 

50 [ 0 0 3 6 ] g| 1 SfC^J. 2'P0:)D B ^- • v 



la 

^ ( 2 2 A . 2 2 B ) omiak^ nrc^mm (2) r)^ 

hmf&^n^^m^m (ro mm (20 ) ^m^tcL 
hti^o mwm f - ^ ^ -t- ^^mf& $ n ±i^mm 

[ 0 0 3 7 } HI 4 iat. (20) cDK-fPJJ?5rSM^ 
CDBl^^Jl^ (2 4) CCj:orJBfii2$ti. 4>^K'fflj 

lai 3SO'l 4CDRCLE D^^^i. ( f-^;^^^ii5^ 
[0038] «±. :^£^qg(DllS6Wc-^t,^rf^iEL;^c 

[0039] (mmmk 1 ) ^t^^t-. m^^'t-^t. 

JWT (a) (b) ^^iJC t^Wmtr^. 

( a ) . mm'f^^t. «T ( a - 1 ) i^cCCi b ( a - 

4 ) ^#t^. ( a - 1 ) S« (3), (a-2)p-n 

m^mm (2) . mv- ni^^^m ( 2 ) t^is^cDii^ 

I^SLTl^^. (a -3) igjat±^^> F^H. mMi^ 
ti. S2>\ ( a - 4 ) m^m^. ( 4 ) . ^mMS.'^?.t^B5 

(b) (7. 8. 11) r^or, ^s^a 
(7. 8. 11) jimTta^^i^cciBaon. ii>nc<i^> 

^^^nm ( 7 . 8 , 11), 
[0 04 0 ] immnmz) mmmmi'.cim(D^m 

^w&^m^xi.^^ct^mmt-r^. 

[0 04 1 ] (mmmms) mmm^iicnEn(Dm:^ 



(7) mW 1 0 -4 2 0 9 

12 

^mmr ^ m:mwm ^m:^xi^^ct^nmtr^. 
[0 0 4 2] (mmm4) mmmm\'.ctmo:>^m 

ly^nmr^fximm^m^xi^^ct^mmtr^. 
[0 04 3 ] (m^mm^ ) 1 icMm<Dm^m 
^x^r>x. mmt^'rit. [ht^^^^^x<D^:kmm 

0. 2'-l 5 ^^a:yx$>^ct^wmtr^. 

[0 04 4] (mmmd ) 1 ccfa*g(D^ig 
-i^r&or. m§mm^':^. mmm^o, i^-a. 05 

[0 04 5] (mmmi ) mi}&^ 1 ^.ctmo^mftm 
^x^-^x. m^mi^u. ^up-nm^mm<D2^ 

^7 n > C c ^ 5 c i ^ #84 i T >5 = 

[0 04 6] (mmmMs) mmmmi'^cnmcD^m 

[0 04 7] (m^mm9) mm^i'^ctmcD^m 

[0 04 8] (^jn^ 1 0 ) mmm i '^ctm(D^ 

[0 04 9] (m^mm i i ) mmmm i '^am(D'me 

mi^mz^ o^m<D^m^cj:':^x^m$ti^ct^^ 

[0 0 5 0] (mmm 1 2 ) mm^ i i ictmcom 
icm^x$>-,x. miEmK^:f)^2. om^(Dnmmm 

[0 0 5 1 ] (mmmm i 3 ) mmmm 1 ictm(D^ 

(10) (ccr. iN>i), m2:xms^t. -en-e^ 
{cii.vj:< i4> 1 -D(omvu7\^ic:^i.>xmfo^$ti^^m 

yj'mc^\^xmmi^^m^xi/c(Dmih^^^r<^^(^crj:^ 

X^^, f£M<Dmmi^(>ci6i.^X'prj:< t h locoOii^ 

[0 0 5 2 ] (SlJS^lii 4) l?Jfe^«i 3c<:taStt7:)^ 
^m^fxih-^x. miENm<D2'^xnm<D(i>tj:< thi^ 

^xi^^^ct^^mtr^mti^^. 
[0 0 5 3] (mmm 1 5 ) ^jsmsih 1 3 ictm<D^ 

MieN®CD2:X^MC0^^^J:< i&l-o 

[0 0 5 4 ] (mmmi 6) m^cM'T-or-^p^^-i'm 
50 fS^m<omm-^mx^'z>x. m-^mmr (a) :tej:o' 



13 

(b ) cOX^yy^^t^Ci^^^lSiTo. (a ) il^n: 

c ^^WMo-gis^r#*r ^ ;^ r- -^^ r^'r ^ . J>>:£ < 
[0 0 5 5] {mmmmiD mMmi 6ictm<Dyi 

(a) ts:{,^L (b) OXf- ^OC i €r4*iSi it" 

(a) ^TOWMtc:?:^ h Uv^y; bm^m^^^^ 
:K^ jV't. ( b) 7 ^ h Ui^X vm(^'-'^^mt^'^ 

[0 0 5 6 ] iwmm 1 8 ) I 6 ccia^cD:^ 

(a) ^cCC^t (e) •v:7-^$oCcb^#Siti'r 
-S. (a) ^^O^M^itmf**t*4Jl^iSS^^±^X^ 20 
vv't. (b) sm*;itt*4^cc-7:i' hui^;^hfl^ii 

a^i^-s^^f-^:^ (c) hui^x hno^^ 

^^5^->^?f5fiS-r^;^'r•y:?•^. (d) v 
<h, (e) ^>:5r->JcS£or^f«*.f4.fl^cx.y 
[0 0 5 7 ] (^.^lil 9) ^M^^l 6vCtSig<D:)7 

r . ml^wmopf^ < i 4> — ^cc^sm^tf f- v't^ 
[0 0 5 8 ] (^.^«2 0 ) mMm^ 1 6 CCtBiSO:^ 

[0 0 5 9 ] ( J|SS.®«2 1 ) *SSS« 1 6 ccfaiScD:^' 

[0 0 6 0 ] (IUS?m^2 2 ) *5e^^2 I vCtatS©^ 40 

[a®cofsm?:citt^] 

[02 ] 3fetfSi*icDffe<z) 1 ooCT^^-ri^rciDOo 

[03] k^ro^l^T^^o 



^#lfW 1 0 -4 2 0 9 

14 

[06] ^- K^^Tia-c^^. 

[07 a] LE Dco±^MCC7^^>^^i'igJS^5S-r77 

[07 c] LE DO±gPaffiJCf'4^y^^i'?^ja^S6'r:^ 
[0 8] r-^:^^i'5^»^?BfiK$nfciSB^S®^T-^^T0 
[09] T'^x^-r7:)^?B^5n:fc3S?^S^-+-c7:'ffe(D 1 
[010] r-i-;^^i';^i>?f^fi5c;^nfcSB.9S^^^c7?ffe(0 
[011] r-^^X^^i-Ti^fl^/^S^n/cMH^S^^^CDfikcD 

[012] ^^7.^^im^^ntcMm^WL%^<^{'i^<^ 

[013] 2-0(00 BR A • ^;:»^6^^5ti 
[014] DBRX^? ^<h 1 OCD^/l? 



1 




2 




3 




4 




5 




6 




7 




8 




9 




1 0 





12 >f > K'^® 

1 3 ^I® 

2 0 ^it^SS^-^jg 

22A DBR^'^--;^^-:'^ 
22B DBR^^-':^^'':'^ 



W^W- 1 0 -4 2 0 9 



m 1 ] 



[02] 




p-6aAs - 
n-GaAs- 







r*9 





















[04] 




Jl[5 - A^fls 



[05 b ] 



cas c ] 



16] 



oooooooo o o 

oooooooo o o 

oooooooo o o 

oooooooo o o 



o oooooooo 
o ooooooooo 
. oooooooo 

ooooooooo 
^ oooooooo 

o o oo o o ooo 
oooooooo 



4-^ 



(10) 



nmw- 1 0 -4 2 0 9 



mi a 




mi c : 




[E17 b ] 




[^8 ] 




(11) 



nmW- 1 0 -4 2 0 9 




